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Summary 

A forehead slcin or other body surface skin thernK^meter (1) has azx 
infrared sensor (XI) located in the thermometer probe front for 
viewing and detecting the infrared radiation heat ac a body sxte, 
e g of the body forehead centre area skin for the other body 
surface skin. Concurrent operating ambient temperature are also 
measured. The above measured forehead skin temperature or the 
other body surface skin temperature is used as a reference base. 
The above concurrently sensed operating ambient temperature xs 
used as an index so as to access corresponding temperature of a 
first body site such as the oral or rectal temperature. A fxnal 
temperature reading display is determined from a lookup table 
built inside a non-volatile memory (41) . 

The lookup table stored in the non-volatile memory (41) comprises 
three groups of the temperature database derived from a compre- 
hensive clinical test result done previously with a substantial 
number of measuring targets. The groups coTnposed are a second 
body site, temperature database, a concurrent operating ambient 
temperature database, and a corresponding first body site tem- 
perature database. Since this lookup table data is based on the 
substantial numbers of the clinical tests for the above three 
groups tetnperature database, this thermometer is a clinical test 
oriented thermometer design, which provides user with an accurate 
and reliable measuring result. 

Figure 1 
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FIG. 4 
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An in 
ture 



BACKQROUND OF THE INVEMTION 

The invention ie directed to en infrared thermometer and to a 
method for determining the temperature according to the inde- 
pendent patent clain«. For measuring body temperatures ot pa- 
Lente it is kno«n to use digital, electronic thermometers »h.ch 
„ay be based on the use of contact type temperature sensors or on 
infrared measurements. Infrared thermometers are widely used be- 
cause of their fast measurement and their ease of use. In view of 
the diagnostic value for temperature measurement, there are dif- 
ferences between several measurement sites on the human body. 

The hypothalamus is the most accurate site to obtain the body 
.eT^erature. It is located in the base of the brain, and acts as 
the body's thermostat. The goal of the hypothalamus is to main- 
tain the body's core, te,.5«rature (heart, lungs, liver, kidneys, 

brain, etc) . 

Traditionally, body temperature has been detected by contact 
thermometers in oral, rectal, or axillary sites. These sites are 
chosen for convenience rather than correctness, due to there ex- 
ist many factors to influence the accuracy, such as: unsteady and 
unsuitable placement of thermometer probe in the measuring site, 
drinking, talking, inexperienced measuring skill, etc. 

Nowadays, by utilizing an infrared sensor to view and detect the 
tympanic membrane or ear drum's heat radiation inside the ear ca- 
nal to display the body temperature in only one second, the In- 
frared ear- thermometer has become a popular, quick body tempera- 
ture measurement tool- However, there exists some drawback on us- 
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ing the infrared ear thermometer for getting the body tempera- 
ture, such as: 

Though it has been claimed as a non-invasive measuring thermome- 
ter, its probe head still needs to be inserted into the ear canal 
for temperature measuring. As the probe tip diameter is equal or 
even a little bit bigger than the normal adult '^s and especially 
the children's ear canal's regular diameter, when inserting the 
probe head into the ear canal, Che close contact between the ear 
thermometer probe and the ear canal's internal skin wall will 
cause a rapid heat increase on the probe and result in a tempera- 
ture rising on the infrared sensor's cold junction. This prevents 
from getting a stable or accurate temperature reading display- 
The close contact between the probe and the ear canal internal 
sXin will also cool down the ear temperature after the continuous 
measurement with the repeated probe insertion into and pulling 
out of the ear canal- Moreover, the innate curvature structure 
inside the ear canal will make the probe inconsistently to be 
inserted into. the ear canal for getting a consistent reading- • 
Furthermore, the high moisture level leads - to a low ear tempera- 
ture reading caused by the residual amniotic fluid in neonates' 
ear canals, not mentioning about the inapplicability for newborn 
baby's s.mall ear diameter, as about 5.5 mm, to be inserted with 
the bigger ear thermometer probe tip, with the diameter for about 
7.5-8.0 mm- There are still some more usage concerns when using 
ear thermometers: The earwax may result in an inaccurate reading, 
the curvature structure inside the ear canal may cause an incon- 
sistent measuring result due to the inappropriate probe position- 
ing in the ear canal, the inconvenience and cost consuming con- 
cern for the necessity to put on the probe covers, the unreliable 
measurement reading display caused by the poor heat insulation 
design of the probe assembly, the disturbance to the sleeping pa- 
tient (specially the infant or children) during the temperature 
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..h. cool effect and low read concern from continuous 
„.,sur.ng. the cool e ^^^^^ ^^^^ ^^^^^ ^^^^^^ 

measuring with repeacea v.n^«^>- 
I short period of ti»e. and the inapplicability for the bigger 
:.:brto be mserted into patient-, ear. especially the concern 
Z smaller ear diameter for children under aged two or even neo- 
nates. 

By replacing tHe .cnown ear thermometer with a body surface .Rir. 
tIern.on.eter such as a forehead thermometer for getting a body 
temperature, the abo.e problems are then solved. The 
thermo^reter is a real non-invasive them..meter. The sensor xnsxde 
probe assembly will not be heated up by the body surface sk.n 
as the probe does not need to be inserted into the body cavity 
for getting the body temperature. With the probe's soft and 
smooth contact on the centre area of the forehead slcin, the tem- 
perature can be easily detected and displayed. The body surface 
temperature is the result of the energy supplied from the core 
via the blood perfusion and the energy lost to the environment 
via radiation, convection, and evkporation. The reason to detect 
the body temperature from the forehead skin is that the blood 
vessel distributes for only about 0.1 mm beneath the forehead 
skin. The heat is easy to be detected, and the instant heat or 
temperature change will. be quickly sensed, as the blood flow in 
the ten^oral arteries is extending from the carotid arterxes. 
Moreover, using a forehead thermometer can eliminate the discom- 
fort and inconvenience caused by the traditional contact pen type 
thermometer's probe insertion into the ear, mouth, or rectum. 

However, since che body surface skin temperature will be easily 
affected by the arrtoient temperature change, the forehead skin 
temperature to be measured at different ambient temperatures is 
quite different, even when the core body temperature is about the 
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same 



It chu. has been suggested co talce into consideration the xnflu- 
er.ce of different axnblenc tetoperatures to the body surface sk.n 
temperature measurexnent for using such infrared thermometers, m 
us 6,056,435, there is disclosed a body temperature detector 
which is suited for axillary temperature measurements of adults.. 
An internal temperature of the body is computed as a function of 
a target surface temperature. In this function, a weighted dif- 
ference of surface temperature and ambient temperature a.s taken 
into account. The weighting is varied with a target temperature. 
A similar solution is disclosed in US 6,292,685. These proposals, 
have, however, some drawbacks. Especially, the method suggested 
is based on complicated theoretical models. Calculation needs 
relatively powerful microprocessors. In addition, there are cer- 
tain concerns in view of accuracy of the calculation. 

in US 5,199,436, there is disclosed a radiation detector. The de- 
tector disclosed therein is directed to a tympanic measurement. 
The problem of contact with the ear canal is thus not solved. A 
tympanic temperature is adjusted to provide an indication of core 
temperature. This application also has certain drawbacks. 
Firstly, relatively complicated calculations are proposed for ad- 
justment of the temperature which requires powerful calculating 
arrangements. Secondly, the problem of contact with the ear canal 
is not addressed. Thirdly, by measuring the ambient temperature, 
inaccurate measurement results may be created if Tihere is a dif- 
ference between the cold junction of a thermopile of the infrared 
detector and the ambient temperature. Other radiation detectors 
are known from US 5,012,813, US 5,150,696, 
US 5,333,784. US 4,993,419, US 4,797,840, US 4,784.149, 
US 4.846,583. US 5.024,533, US 5,232,284 , US 5,271,407, 
US 5,167.235, US 5,445,158, US 5,653,238, US 5.874,736. None of 
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.hese docwnents co^letely solves the above .entionecl problems 
^r^v problem, associated witb contact ot a temperature eensox 
:irh In ear canal as well as problems related to relatively co^^ 
Tlica:^ prior art calculations for determining a temperature of 
a f irst b^dy site In dependence of the measurement at another 
body site. 

in US 5.9S7,992, there is.diaclosed a radiometric temperacure 
.easuremen. which is based on ettpirical measure.en.s and linear 
functions. It is claimed thac by use of loo3cup means, the calcu- 
lation of an estimated cen^>erature may be simplified, Thxs solu- 
tion, however, still has certain drawbaOcs. Xt is directed e.g. 
to a tympanic thermometer which does not solve the problem of 
contact between the sensor and the ear canal. 

IC is an object of the present invention, to overcome the draw- 
backs of the prior art, especially, to provide an infrared ther- 
mometer which easily allows to determine the temperature of a 
first body site, in particular the corresponding oral, rectal, 
axillary, or other body site reference temperatures based on a 
body surface skin temperature measurement. The thermometer ac- 
cording to the invention should not need powerful microcomputers 
for- calculation of this first body site temperature . In addxtxon, 
the thermometer accordixig to the present invention should have an 
improved accuracy as compared to prior art thermometers. 

According to the present invention, these objects are solved with 
a thermometer according to the independent patent claims . 

The thermometer according to the invention is used for determin- 
ing a temperature of a first body site. The first body site espe- 
cially may be selected from the group of rectal and oral tenpera- 
ture. Determination of this temperature shall be made by measure - 
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. V, ^„ .it. e g ac the forehead surface skin of 
ment at a second body site, e.g. particular 

,.<o„t The ther<i»meter has an infrared sensor, in pa 
^ I^e^piirfor detection of a hody surface s.in te^erature at 
a ^^-^^"-^^ ,3 „.ed for producing body 

rfair:: nTjerture si^ax data. Xhe thermometer is further 
:::'iaed with means for determining a reference temperature, 
Z2y the temperature of the cold junction of the infrared sen^ 
. T^Z the temperature of the operating, anient air. These mean. 

■ Lr determining the reference temperature are used to produce 
reference operating temperature signal data. The ther^meter is 
further provided with a calculating unit and with the memory as- 
sociated With the calculating unit. The ^mory has data derived 
from clinical tests stored therein. The calculating unit is 
adapted to calculate an estimated ten^erature of the first body 
.ite on the basis of the body surface skin te,«erature signal 
data, the reference operating temperature signal data and the 
corresponding data stored in the memory. The design as outlined 
has several advantages. Firstly, the temperature may be measured 
at any site of the surface skin of the body. Insertion of the 
sensor inside the probe into the ear canal can be avoided. Sec- 
ondly, the use of clinical empirical data enhances the accuracy 
of the calculation of the ten^erature at the first body site. The 
means for n«asuring the reference operating temperature may be 
formed by any temperature measuring unit known to one skilled in 
the art According to a preferred embodiment , the means for meas- 
uring the reference operating te^rature may be formed by the 
infrared sensor. A common infrared sensor produces a voltage out- 
put which is pr<5portional to the ten^erature difference between 
the hot junction and the cold junction of a thermopile. The cold 
junction has a temperature corresponding substantially to the 
teT,^>erature of the ambient air. The hot junction receives the ra- 
diation of the target. Such a thermopile may be used to measure 
the ten«,erature of the ambient air and thus to produce the refer- 
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ence operating temperature sigx^al • The reference operating te.- 
"ratuL e... .e measured by >ne«.s of the infrared sensor 

r/en the thermometer is turned on. Thie reference te^erature 
.alue then he stored and used for calculation durms the 

measurement at the first body site. 

according to an alternative e.i«diment. the means for measuring a 
reference operating temperature may he formed hy a thermistor 
built inside the infrared sensor, or hy an infrared sensor. 



. -I ^-Ff^e^t. i e. the difference between the 

The physiological site offset, i-e. cub 

temperature measured at the second hody site to the co^on refer- 
ence hody temperature at the first body site o^y vary and depend 
on many parameters. It may be difficult to find a theoretical 
model for these dependencies. By making reference to emp.r.cal 
olinioal data, all these dependencies can be talcen into account, 
in addition, the use of reference data stored in lookup tables 
makes calculation faster and needs less calculation resources. 

According to another embodiment of the invention, the temperature 
sensor for measuring a reference operating signal is directly ar- 
ranged in the infrared sensor. Thereby, the temperature of the 
cold junction of a thermopile of the infrared sensor is deter- 
mined. Taking into account this ten^erature leads to .nore accu- 
rate results than taking into account only the ambient ten5>era- 
tiire . 

The previously acquired clinical test data or data derived there- 
from may be stored in a built-in non-volatile memory, e.g. xn a 
ROM or EEPROM in the thermometer. 

According to a further preferred embodiment, the thermometer ac- 
cording to the invention, especially, its calculating unxt is 
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f = v^odv surface skin temperature, 

" . a «r/r=e .eeween .h. .ensured fo...ead centre (o. ot.er 
Toa: t e r^ace ..in te^«a.u.e and .he co^eapondin. refer- 
body site; s-i^j- rectal tempera- 

ence body site temperature, such as the oral cr 
cure «ith the technology of the invention, the phya g 

.rrlheaa centre .ur.ace sHin te^rature fo. gettin. the data o. 

reference body site temperature reading. This 
the -"--"f 7^//*:;;^,., accessed from the loo.up 

-physiological site off sat ^mory, ROM, or 

table Inside the thermometer unit s non vo 
EEPROM by ta..ing the measured forehead centre 

perature as a reference base, and the si^iltaneously detected op- 
erating reference te^erature as an inde. pointer. Through a mi- 
croprocessor's mathematics calculation formula, a more P-"-' 
croprv^- ^ ^„ data is determined. The 

corresponding -physiological site offset data i 

use of such a physiological site offset allows a very accurate 
approximation of the temperature at the first body site. 

According to still a further embodiment of the present invention, 
the physiological site offset may thus be determined based on in- 
terpolation or linear approximation techniques. If in lookup ta- 
bles reference data for reference operating temperatures meas- 
ured in clinical tests and temperatures measured at the first 
body site during clinical tests, temperatures measured at the 
second body site during these tests are stored, estimated values 
for temperatures at the first body site may be determined by 
means of interpolation of these reference data. 

in a further preferred embodiment, lookup tables may be used. 
Which have a first group data related to temperature values of 
the second body site acquired during clinical tests, a second 
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,= da« relating to reference operating te,nperature. such 
'^°VLTZ cold i^ction temperatures determined during these 
" T LirdVroup of data having data relating to ten^era- 

h^:rb!:re«ectively n^asured at the first hody site 
tures whxch have been e „^ ^ at the plu- 

during these clinical tests. Cl.nical te patients 
rality of differed conditions, especially for dxfferen p 
Tslrage, at different ancient te^eratures and for pat.ents 
having different body temperatures. 

.according to still a further preferred embodiment, the 
"r may Lve a plurality of operating modes. It xs conce.vahle to 
provide a measurement mode and a calibration mode. The thermome- 
ter may thus have means for switching between these two modes. :In - 
.he calibration mode, it is possible to ma.ee a calibration on^^ 
blaC body Which is e.g. dipped into a water bath at controllable 
-constant water temperature with sufficient high temperature sta- 
bility. Other er*odiments are conceivable: it is especially pos- ... 
sible to provide different measurement modes for calculating es. 
timated ten^ratures at different Icinds of first body site. y,ith 
one and the same thermometer: it thus ^y be possible to switch 
the thermometer between a calculation of corresponding oral and 
rectal temperatures. Different lookup tables may be stored withm 
the thermometer and reference is made to a specific lookup table 
depending on the measurement mode which may be selected by the 
user, or preset by the manufacturer. 

The invention is further directed to a method for determining a 
temperature of a first body site of a patient with an infrared 
thermometer. The method is preferably made by means of an infra- 
red thermometer as described above. After the thermometer unit is 
turned on, a reference ambient temperature is detected, e.g. by 
the infrared sensor inside the unit, or by the thermistor built 
inside the infrared sensor, a reference temperature signal data 
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■ . «rmined. afcer putting ch, thermom^ca. prob. olo.ely «nto 
i3 J ^ ™„ured. a body surface s>.in t.,.- 

'^^::T.:T.z::z.y s... .easu.ed b. ... sa.. i...a«d 

Tensora U surface a.in .e^e.acur, signal data ie tK.r.by 
duled in I furthe. step, a Xoolcup table witb data stored .n a 
. tL m^a^a tbe^o^te. ie accea.ed b, a calc^ 
"Lt Based on the data of the lookup table, the measured body 
r ace s.in te^eratu^e signal data and the measured .e.e.ence 
operating te^eratu« signal, an esti^ted « ? 

Ls^ body Site is determined with a calculating unit wxthxn the 

infrared thermometer . 

Therefore, the present invention brings a different "physiologi- 
cal Site offset- value between different Measured forehead s.c.n 
'■ temperature and the concurrently detected corresponding body sxte 
' telerature under different simultaneously sensed operating an^.- 
' ent tens-erature on the basis of the substantial nuni^er of the 
\ test target out of the repeated co,<s.rehensive clinical test re- 
sults done in a hospital. 

By using this technology, through detecting the forehead slcin 
. te^erature. sensing a concurrent operating reference 
'ture, the microprocessor inside the thermometer can immediately 
find a comoensated offset value from the lookup table in the 
.■ther,»ometer- s EEPROM for adding together with the measured fore- 
head temperature, to form a result as equivalent to the corre- 
sponding reference body site temperature without the concern of 
the ambient te,^erature change to influence the forehead skin 

temperature detection. 

\ 
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DETAILED DESCRIPTION OF THE iNVEimON 

. • -n more clearly understood witH reference to 
The invention wxll be more ciearj-y v,4^v,. 
the following en^imencs and the attached d.av.ngs, .r. wh.ch. 

Pig. 1 and 2 shov a 3cH.™atic representation of a ther.o:„.t.r 

according to the invention. 

schematically shows a block diagram of electronic 
key components of the thermometer according to the 
invention. 

shows a chart showing different oral- temperatures 
in dependence on corresponding simultaneous meas- 
ured forehead temperatures and concurrent ambient 
temperatures . 

shows a chart showing different simultaneous 
physiological sites of said temperatures based on 
concurrent ambient temperature values, 
shows a chart of physiological site offset tem- 
perature between the oral and concurrent forehead 
temperature based on different simultaneous ambi- 
ent temperature data value. 

schematically shows calculation of estimated 
physiological offset values based on interpolation 
technicpies. 



Fig. -3 



Pig. 4 



Fig- 5 



Fig 



Pig. 



Pig 1 and Fig. 2 illustrate an infrared thermometer 1 suitable 
for forehead centre surface skin or body site surface skin tem- 
perature measurement. Pressing a power switch 14 will turn on a 
thermometer unit. In one embodiment of the invention, the anO^xent 
temperature is then measured by means of an infrared sensor ii. 
in another embodiment, the reference temperature will be measured 
«ith or by a thermistor 34 built inside the infrared sensor. A 
LCD display 13 will be shown with a display check and ready s.g- 
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■ nal for body ten^erature measuring by hashing eh. c.^pe.a.ure 
scale .con wi.b a short beep. Atcer a temperature scale .con 
tarts cashing ou the LCD display 13. and putting the probe 
fr"t CUP onto the measuring target surface sKin closely, press- 

a -aaure^ent start button 2S (see .ig. a, will start measur- 
ing a target ten^erature, the body surface skin ten^erature. ^ 
infrared sensor 11 located in the housing probe views and re- 
celves the forehead centre surface s>cin heat radiation. A DC out- 
put Of the infrared sensor is proportional to the difference be- 
tween the target ten^erature and the ancient ten^erature. The DC 
voltage output from the infrared sensor and/or the thermistor .s 
then conducted to an amplifier 33, an A/D converter, then to a 
ndcroprocessor 39 (see Fig. 3) . Based on the measured target tem- 
perature such as the forehead centre slcin temperature and the 
concurrently measured operating reference temperature such as the 
ambient or the cold Junction temperature, a corresponding physio- 
logical site offset value from a lookup table inside a non- 
volatile memory or ROM, or EEPROM may be accessed and added onto 
the measured forehead centre skin temperature. Then a final- cor- 
responding body site ten^,erature, as oral or rectal temperature, 
will be displayed on the LCD 13. A buzzer and a LED 12 will be 
activated for identifying the completion of the temperature meas- 
urement . 

Referring to Fig. 3, an electronic block diagram of the inf raxed 
forehead slcin thermometer is shown. A thermometer electronic un.t 
is powered by a battery 30. Once the thermometer unit has been 
switched on by pressing the power switch 14, the infrared sensor 
35 or the thermistor 34 inside the infrared sensor will first de- 
tect the temperature of a reference operating temperature, such 
as the ambient heat 36, then the LCD display 13 will be self 
checked and show a ready signal by flashing a temperature scale 
icon. After putting on the front open cup of the unit onto the 
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„ .-nd pressing the measurement start button 2 5. • 
<-=-^«p*- surface skm ana pressxny 

target surta „,easures the infrared radiation from 

K^nsor 34 receives and measures. 

.1 Lnsin, OC Bl^ls are t.«. successively conducted to 

Llifier 38 A single chip ndcroprocessor 39 is used to a=- 

based orx the detected reference ten^erature data and the target 
""head te^erature data. By usin. a ™athe™.tical interpolat.o. 
.ethcd (see Fig. 7) a corresponding physiological site offset 
:.lue is determined fro. the lookup table inside an KEPROM 41. 
This offset is added to the detected forehead temperature as a 
final esti,nation of a temperature at a body site different fro„> 
the measurement site. This final reading value represents the 
concurrent, corresponding oral, rectal, or other reference body 
site temperature »ill be then shown on the display 32 through 

the single chip microprocessor 39. A buzzer and LED 12 will be 
activated simultaneously. 

Pig . Shows a relationship chart between different oral tempera- 
tures and the concurrently measured forehead slcin temperatures 
under different simultaneously detected operating ambient tem- 
perature based on the con^rehensive clinical test result. This 
chart gives the idea that different corresponding oral tempera- 
ture will be got with different concurrently measure<i forehead 
skin temperature under different simultaneously sensed operating 
ambient temperature. 

Fig 5 illustrates a clinical test relation chart between the 
data of the forehead centre skin temperature reading, tne concur- 
rent measured ambient temperature, the concurrent sensed oral 
tenrperature for different ambient temperatures. Fig. 5 xs a 
Similar relation chart as Fig. 4, but having different coordi- 
nate axis. 
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are showing a relation curve between 
the ai«erent concurrent .oreheaa centre 

different oral ""^""^^^ ; ,^ient temperatures 

sWn ten^eratures. and ^^''"^"- J ^one in the hospital 

„..sured simultaneously .n the -^J^ ^^j; non-tever. different 

^ T:ra::irs"::ran:s!-criiro^ ^e.. sasea 

T:i;rV "-oi^rehensive clinical test database has heen 

tilllca ly collected and was .tored into a looHup table .n- 
systematically co , thermome- 

side .the non-volatile memory, ROM, or c 

ter electronics, 

7 illustrates the relationship chart between different oper- 
F:,g. 7 xlluatra cliff erent concurrent physiological 

atinq' ambient temperature and dirreren 

Tite Offset ten^erature i.e. the difference between the to ehead 
sxin ,te,,^erature and the concurrently measured oral or rectal 
teUatL, under different simultaneously detected operating 
anC^ieht te^eratures which forms the comprehensive clrn.c.l 
H f= The obYsiological site offset temperature here is the dif 
fereLt-en the oral or rectal te^erature and the concurrent 
To^ead s>cin temperature under simultaneous operating ambient 
tl^rature. This chart shows that different physiological s^e 
off^I data Will be got with different concurrent operatrng ambi- 
ent tWerature and different si^iltaneous forehead sHin tempera- 

ture- 

Pig. 7 illustrates a magnification portion as part of Fig. 6, 
shLing how a microprocessor may calculate the desired physro- 
logical site offset temperature between the target forehead (sec 
o^ body site) and an oral or rectal temperature (first body 
site,',bLed on the measured forehead temperature, concurrent de- 
tectei reference operating temperatures, e.g. ambient tempera- 
ture. *Two adjacent reference temperature data plus two adjacent 
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. « t-yy^ lookup table data- 
^at-a accessing from tne j.oojs.up 
forehead temperature data acc y . 

base are used thereto. 

• 1 interpolation method and its formulas 
The following, mathematical ^^^^^ ,f f.et value may 

— : r^r::::: TZTZ::^. . ..reheaa centre sur- 

Tart^rtri: measured operatin. anient 

temperature : 

=KT *»R will be used and 
• 1-0 FiQ 7, the following variables wixx 
Referring to Fig- 
have the following meaning: 

..e measured target forehead centre surface s.i. tempera- 

oTof the forehead te^erature values stored in the ^ 
Fl: one of the tor clinical test done in hos- 

lookup table deriving from the 
pital. ''Fl" is adjacent to but greater than 
ured target forehead skin --^^^^^^^^ ^^^^^ 
mother forehead ^^^^'^^^ ^^^^^^^^^^ hospital. 
.eO^le deriving from the ^,3sured 
«F2- is adjacent to but smaller than t , 

..rget forehead s3cin ^^^^f ^,,3ured with 

^. The ana,ient temperature value concurrently 

.he target forehead skin ten^erat.re ^ ' 
^ of the operating ambient temperature values sto 
Ai: one of the Opera y ^ „ clinical test done m 

the lookup table deriving from the clmic 
^ -.^1 -AV is ad^iacent to but greater than A , the 
hospital. Al J ^^,,,ting ambient temperature, 

concurrently measured operating 

^ . mother operating ancient in hos- 

lookup table deriving from the ^^^^^^ 

ttal is adjacent to but greater than A , t 

ntlv measured operating ambient temperature, 
currently measur P ^^^^ ^^^^^p 

Oil A physiological site offset value 
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bXe, i.e. the difference between the measiored oral tem- 
perature, and the concurrently measured forehead skin tem- 
perature ^*F1", under the simultaneously sensed operating 
ambient temperature "Al" . "Oil- is therefore corresponding 
to ""Al" and Fl . 

012: A physiological site offset value stored in the lookup ta- 
ble, i.e. the difference between the measured oral tem- 
perature, and the concurrently measured forehead skin tem- 
perature under the simultaneously sensed operating 
ambient temperature "Al" . "012" is therefore corresponding 
to ^"Al" and F2. 

021: A physiological site offset value stored in the lookup ta- 
ble, i.e the difference between the measured oral tempera- 
ture, and the concurrently measured forehead skin tempera- 
ture " Fl" , under the simultaneous sensed operating ambient 
temperature "A2" . "021" is therefore corresponding to "A2" 
and " Fl" . 

•022: A physiological site offset value stored in the lookup ta- 
ble, i.e the difference 'between the measured oral tempera- 
ture, and the concurrently measured forehead skin tempera- 
ture "F2", under the simultaneous sensed operating ambient 
temperature "A2" . *'022" is therefore corresponding to "A2" 
and " F2" . 

The following variables are unknown and are to be calculated: 

Ol: A physiological site offset value, is determined from the 
following formula, based on the measured operating ambient 
temperature "A", and a concurrently measured forehead cen- 
tre skin temperature "Fl". "01" is therefore corresponding 
to "A" and "Fl" . 

02: A physiological site offset value, is determined from the 
following formula, based on the measured oral temperature 
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„<i .h. concurrently measured forehead j'';;" 
■ and .h. CO ,,„^fore corresponding W 

temperature F2 . 

and"F2". off set. value is cal- 

^ ----:r.arrr:lu. ....e. ... -s.red a.- 
culated on tl.e bas.s o detected fore- 

bient cemperature ft- .0-, is therefore corre- 

head centra s^in ta,nperatura r . 0- . 
spending to -A" and -F". 

•,i„.ar interpolation is made on the basis 
For determining 01, a linear accessed from the 

of other variables which are or can 



lookup table: 

From ^^,\ 
(Xl-A)/ (X1-A2)-(01.-0X)/ (0X1-021) 

there follows 

(0X1-021)/ CA1-A2)1 



i-...r interpolation is made in a similar 
For determining «02" a Ixnear interp 



way 
From 



there follovfs 

02^12- t(Al-A)- (012-022,/ (Ai-«)1 



• >^*.re and the actual 

«r/' iThe unknown variable here, 
Por — --/^ j;:,:,,, value) a linear interpolation .s 

physiological sate offse ^^^^^lation results and 

ttvade. From the above mathematical calcula 



From 

(0-02)/ (01-02) = (F-P2)/ (F1-P2) 
there follows 

0=02. nF-F2)* 101-02)/ (Fl-F2)l 
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The final reading display of this forehead (or other body site) 
surface skin thermometer is an estimation of the temperature at a 
first body site (e.g. oral) on the basis of a measurement at a 2^ 
body site (e.g. the forehead) . 

The final body temperature reading display equals to P+O- 

is the measured target forehead centre surface skin tempera- 
ture at the second site; while ^"O" is the corresponding calcu- 
lated physiological offset value between the forehead centre skin 
temperature and the temperature at the first site. 

Based on the measured forehead skin temperature and the concur- 
rently detected operating ambient temperature, the above calcula- 
tion method is called the mathematical interpolation method, 
which can allow to calculate an offset value by getting and aver- 
aging two adjacent collected offset data from a lookup table, 
with the adjacent data as one smaller while another larger than 
the desired offset value. From the lookup table, the microproces- 
sor will first take two ambient temperature data ^^Al" and ^'A2" , 
adjacent the measured ambient temperature data. Two forehead tem- 
perature data adjacent ^'Fl", ''F2", adjacent to the measured fore- 
head temperature will be determined. Four corresponding physio- 
logical site offset data ^^011", ^^012", '^021'', and ^^022", are then 
accessed referring to the above mathematical calculations. 
Through the above mathematical formulas, the estimated corre- 
sponding offset value ^^O", is then determined, on the basis of 
the measured forehead skin temperature ^^P', and the simultane- 
ously detected operating ambient temperature ^^A. Then, this off- 
set data is added to the detected forehead skin temperature. A 
final corresponding body site (such as oral or rectal) tempera- 
ture is then displayed, taking into consideration of ambient tem- 
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.an.e Xnscead of a^ien. temperatures - -X. 

perature change, m measured and used, 

junction temperatures may be measur 
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Claims 



An infrared thermometer (1) for determining a temperature of 
a first body site of a patient, preferably selected from the 
group of rectal and oral temperatures, by a measurement at a 
second body site, preferably the forehead centre surface 
skin or other body site surface skin, said Thermometer hav- 
ing 

an infrared sensor (11) for detection of a surface skin 
temperature (P) at said second body site and for pro- 
ducing surface temperature signal data; 
sensor means (11; 34) for measuring a reference tem- 
perature, particularly the ambient temperature or the 
temperature of a cold juncrion of said infrared sensor, 
and for producing reference operating temperature sig- 
nal data (A) ; 

a calculating unit (39) and 

a memory (41) associated with the calculating xinit; 
said memory (41) having reference data, preferably de- 
rived from clinical tests, stored therein, whereby said 
calculating unit is adapted to calculate an estimated 
temperature (F+O) of said first body site on the basis 
of said surface temperature data (P) , said concurrently 
detected reference operating temperature data (A> and 
said reference data. 

A thermometer according to claim 1, wherein said temperature 
sensor (34) is arranged within said infrared sensor (11) . 

A thermometer according to one of the claims 1 or 2, wherein 
said reference data are stored in a non-volatile memory, es- 
pecially in a ROM or EEPROM. 
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to on^ of the claims 1 w 3. "h^"^" 
thermometer according to o the sum of .aid 

the calculating unit is aa p ^ physiological 

hcd. surface ..1. L t.e ha.i. o. .aid de- 

3ite offset value ,0, , d ^^^^^^ , the con- 

tected ^^'^^^-^\°^"^Zt.c. te^rature data (P, 

currently measured bodv eur ^^^^^^^^ 
^ aaid reference data wher ^^^^ 

^•ifference between the first o ir 
temperature differenc 

corresponding second body site. 

. .V^er^xneter siL^sTalculate^ on the 

the temperature of the first d 
basis of linear interpolation. 

of the claims 1 to 5. wherein 
^ ther»»eter — Z^-;";";^,, ,,1, . said loo^P 

lookup tables are stored ^^^^ elating to measured 

tables having a first group ^^^^^ ^^^^ .^^^ 

hody surface skin «>"P— ^ ^^'^t^.^, ^^^p of dai, re- 
^de during prior clinical _„ured 
.etlng to a:^ient -">PS-ture vaX o 

— said f — :r L^^^^^ - th, .irst bod^ 

relating to temperature va 

Site during said prior clinical tests. 

the thermometer has at therein the thermometer 

ing mode and a calibration mode, and wherel 
Z means for switching between said modes. 

- -7 wtierein the ther- 
, . thermon^ter according t ^^^^^^^^ 

^meter has at J ^^^^^ ,,tes are calculated 

the temperature at dif£eren<; 
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on the basis of different sets of lookup tables stored in 
said memory (41) for different measuring modes. 

9. A method for determining a temperature of a first body site 
of a patient with an infrared thermometer (1) , the method 
con5>rising the steps of 

measuring a body surface skin temperature (F) at a sec- 
ond body site and producing body surface skin tempera- 
ture signal dat ad- 
measuring a temperature of a reference site, in par- 
ticular of the cold junction or of the ambient tempera- 
ture (A) and producing reference operating temperature 
signal data, 

accessing a lookup table with prior clinical test data 
, stored in a memory (41) in the infrared thermometer (1) 

' based on the measured temperature daca (F) and (A) , 

calculating an estimated temperature (F+O) of said 
1 first body site on the basis of said body surface skin 

temperature signal data(F), and said reference 'tempera- 
ture signail data (A) and said reference data accessed 
in said lookup table- 
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